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Vanadium and Titenium on the Crystallization of Steel
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Niemark, V. En, Peletskaya, I. B. and Batin, R. I.
Stal, Moscow, v. 8, 1948, pp. 2u48-25L, . ]

Studies, regretfully rather few, of the modification of steels by smell sdditions of
alloying elements indicate wide possibilities of influencing primery and secondary
crystallization of a wide range of alloys (steels).

The work previously done (Refs. 1 and 2) permitted to bring to light the influence of
boron and venadium on crystallizetion and kinetics of isothermsl heat treatments in
steel; the most effective were small concentrations of boron (up to .06%) and venedium
(up to .2%). The next step in the work was the present investigation of the influence
of small additions of titenium and additions, simultenecusly, of boron, vanadium and
titanium on the mode of primary crystallization of steel and on the kinetics Of the
igothermal transformation in austenite.

The addition of small amounts of titenium iz used in industry primerily to reduce the

dengers of overheating, to improve deoxidation and degasification of steel, to obtain

a dense and fine primary structure of the ingots, and to some degree to improve mechani-

cal properties. " 50X1-HUM
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Investigation of the effects of small additions of titanium on the properties of steels-
was done by other investigators. Insofér as the hardenabllity of the investigated
steels is concerned, the results were somewhat contradictory. This apparently can be
explained by the different effects that titenium hes when it 1% in solid. solution or
when it is present as carbide or nitride.

Effect of Smell Additions of Titanium on the ' . L
_Structure of Cest gteel ‘ ' '

5. Thé steel was mede in a 30 kg. cepacity high frequency furnace. The rew materials con-
sisted of low carbon steel contelning .1% carbon, .38% mangenese, .03% phosphorus, .03%
sulfur, .1% copper, .06% nickel, and cast iron conteining approximstely 4% carbon, .15%
mepgenese snd .06% silicon. The hesdts were deoxidized with ferro mengenese and ferro sili- .
con. Just before ‘tepping end for complete deoxidstion .02%.aluminum wes sdded to the
furnace. :

6. When steel was to be mede with additions of titanium, st first the heat wes made without
eny edditions, then gome ferro titenium wes adfled to the furnace trying to get & steel
with approximetely D'l% titenium. Then the next ingot was cest with increased titanium,
etc. In such & manner from one original heat were cegt from 6 to 9 ingots with different
concentrations of titanium. Two kinds of asteel were prepared. One tontaining W5a.55%
carbon end the other with ,8-1.0% carbon. :

7. The sllicon wes ebout ,30-.40%, mangenese from .50-.88%, titenium from (Ol~.30%, acacrd-

ing to caléuletions, and from .003 to a maximum of .05 according to enalysis. In

pteclk -of lower carbon content, l.e. O.45«0.55%, eilicon wes sbout the seme, manganese

ebout the seme, but titanium, according to chemical anelysis, veried from .08 .tc as high

a8 .31%. The ingots were forged between 1000-1100°¢ into & rod of about 18 mm. in die=
meter which sere then ennealed. The method of studying the sustenitic grain of primery
grygtall).ization end the method of metellographic enalysis have been described before
Ref'. 2).

8. 5mell additions of titanium, up to .03%, haeve little effect on the cherscter of the
fracture of the ingot. The fracture remaing lmrge grain size with a rather pronounced
radial  crystallizetion very much like in steel without any eddition. When the concens~
vration of titanium is incressed to .038%, the radiel cherecteristics of the fracture
are somewhat less end with .O45% titenium they diseppeared, but the grein structure wes
not much smaller. It is only when titanium is ineressed 4o +1-.3% that thekadial type
of erystallization 1s completely gone end the fracture shows e very fine grain.

9. Samples were teken from the sbove ingots for metallographic investigation and after
proper preparation etched with persulfete of sammonia. The etched-out microstructures
were not in egreement with the observed fractures. o ‘

10. . Next; metallographlc seamples were eiched with the resgent of Obsrhofér. Smsll concentia~
“tions. of titanium, up'to .03%, have no influence on the dendritic structurey  With .
additions of .OW%, titanium dendrites become quite thin and a different structure mekes
its appearsnce in the form of "ghost ~1like’grains.  With 1% titanium the elongated
dendrites diseppeared. _ , ‘ : ¥

‘1l. The seme samples were used to study the austenitlc grain size bf the primsry crystalli-
zation and separation of ferrite during cooling. Additions of titenium obvicusly have
a significant influence on the size of the austenitic grains of . primary crystallization.
In castings of 45 mm, diemeter, containing .10% titénium, instead of long, lerge gralns
extending from the periphery to the center (usually found in steels. without titanium)

the grains appeared to be equiaxed o Y. !
’—n_dﬂnmsmaue © 50X1-HUM
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As the concentration of titanium is increased, grains about the same size as in steel
without titanium are found in the periphery of the casting. In the central part of
the casting a considerable separation of ferrite is noted which somewhat interfepes

with the determination of the grain boundaries.

With additions from .0l8 to .O4% titenium, the grain size is much smeller than in
steel without titanium; incressing the titanium content to. .08%, the grain size becomes

even gmaller.,

The effect of additlons of titenium on separation of ferrite during cooling is also
quite pronounced. Even with .01% titenium, the emount of ferrite in the casting is con=-
sidersbly incressed in comperison with the steel without titemlum. A% the same time

and in sddition to the small greins of ferrite in steel with titenium, one also finds
rather large areas of ferrite. As the concentratlon of titenium is increased (.038 to
LO046) large segregations of ferrite sre visible throughout the whole field. With s
titanium content of .08T%, the amount of grains of ferrite is greatly increesed and
they are equally distributed throughout the cross sectlon.

Influence of Small Additions of Titenium on Kinetles of the
Teothermal Translormetion of Austenite

Investigatione vere cerried out on eutectold and medium carbon steels at temperatures

of 360, 450, 560 and 620°C. In the first heat, series B, we had steels with concentretes
of titanium no more than .0G%4. The second heat, series V (Russian "V') contained up to
22% titenium, and the third heet, secries G, the titenlum contalned wes from .Ok up to
«31%, The kinetics of the lpothermal transformation of sustenlte were followed by methods
of mguauring herdness and studying the mierostructure. The samples were heated in salt
beth at 920°C end held at tempersture for three minutes. Theu chey were repldly trens-
ferred to a lead bath, were held for different times, and quenched in water, The time

of holding in the lead bath was changed depending upon the repidity of the trensformstion
of austenite at & given femperature. Semples from different series were heat trested at
the same time followed by microstructure study and hardness determination in Rockwell C
using & 150 kg. loed. During holding in the lead bath, sustenite changes, upon cooling
in water, into mertensite. In such a manner the microstructure and the changes in the
herdness of the steel indicete the rate of isothermal transformation of austenite. Study
of the curves showing the dependence of herdness of steel B upon concentrations of
titanium at different temperatures of isothermsl decomposition (Fig. 6) show that titanium
.in emounts of .003-.006 somewhat lowers the gtability of sustenite. As thetltanium
concentration reaches .02-.006, the stability of austenite is considerably increased in
comporison with the same steel without titenium. At all temperatures of transformation,
the most noticeable effect tekes place with .05-.06% titenium. The studies of the miero-
structure fully support the results which were observed by measuring the hardness (Fig.T7).

»

In Fig. 8 is shown the dependence of hardness of steel of Series V upon amounts of

titanium. Additions of .O4% titanium results in incressed stebility of austenite which
reaches a maximum in steel with .1% titanium. However, further increase in addition

of titanium, up to .17-.22%, results in a considersble lowering of the stability of
austenite. Apparently in the above concentrations titanium combines partly with the
carbon and restricts the growth of secondary sustenitic greins. Curves showing the
‘relation between hardness of steel or series G and amounts of titenium at different tem-
peratures of isothermsl transformation (Fig. 9) permit the conclusion that in steels with
medium carbon content additions of .07-.1% titenium result in a noticesble increase in
the stability of sustenite. Increasing the titenium content to .16-.21% speeds up de=-
composition of austenite. In order to study the influence of the temperature of reheat-
ing for hardening on kinetlcs of isothermal transformation of augtenite in steels with
swall additions of titanium, measurements were made with the temperature of reheating
(begore lead bath) .. . . b 920-1020°C, &nd with isothermal transformation at 450-
620°C (Figs. L0 auch 1i,. .ifter isothermsl trensformation at L500C and quenching from
9207C, the maximum stebility of austenite was observed in steel with .095% tiltanium;
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in steels with .16~.21% titanivn the stebility ol wnst 2 i conslderably lower. How=
ever, with the hardening tempevr AV M0 and v pane temperature of isothermal
transformation, steel with .16} 4 ium does not show lovering of the stebility of
austenite. Analogous results were recelved after isothermel tronsformetion at 620°¢. In
fact, a steel with .16% titanium shoved gomevhot grecter stebility of sustenite,

Apperently as the temperaturc of gquenching is incrcesed, groster wounts of tibeniun

go into solid solution. On the basis of a vumber of observabions, it is possible to ex-
plain the increese in the stebility of sustenite by the influence of that pert of the
addition which goes iuto solld solution. ‘Yhat pert of the addition which remedlns in the
steel in the forwm of undissolved compounds acts towerd lowering the stebility of austenlte.

The above described date suggests the advignblility of addlng to stecl betveen .Oﬁu.lO%
titanium in order to ilmprove the stricture of primery crystullization and achieve greater
gtabllity of austenite.

Combined Influence of Smell Additions of Boroun,
Venadium and Titanium

Small additions of boron, vanadium and titanium considerably improved the hardensbility
of steel in comparison with the same amounts of such elements es chromlum or mengenese.

The maximum or "ebsolute" effect of such additions 1s limlted by their very smell (cptimum)
concentrations, namely, for boron .003%, for venadlum .05=-.06% and for titenium ,09-.9%.
Adding to steel amounte in excess of the Just mentlioned optimum does not further lmprove
hardenensbility, but in feet is definitely detrimental. JLuring the studies of the
influence of small additions, such zs ebove, on kinetics of lsothermsl transformation of
austenite, 1t was established thet addltions of boron, vansdium and titenium are different
at different temperatures. TFor this reason it was thought advisable to study the ine
fluence of small additions of boron, venadium and titanium on the structure of primery
crystallization, on the kinetics of isothermsl transformstion of austenite, and harden-
ebility. The steels for these series of experiments were made from the same raw materials
as the above described steel with additions of titanium. After the first heat without

any additions, some ferro boron wes odded and the second ingot made. Just before casting
of the third heat, some ferro vanadium was edoed, while the concentration of boron was
held the same. PFinally, just before the fourth heat was mede, titenium was edded, main-
taining boron and venedium in the seme amounts as before. The experimental results show
that simultaneous edditions of boron end venadium do not further increase thelr effect

of refining grein size of primery crystallizetion, when such effect 1s compared with that
of the mentioned elements added seperately (2); the separation of ferrite with esimultene-
ous eddition of .06% vanadium and .003% boron appears to be intensified.

The influence of simultaneous additions of boron, veradium end titanium on the properties
of the steel were investigated by methods of measuring aerdness, study of the microstruc-
ture and magnetic properties. .

The concentration of boron of .003% and venadium of .05«.06% were first studied and then
it was found that addition to the above of .1% titenium proved to be ineffective. In
Figure 13-A is shown the relation between hardness of steel J and various additions when
isothermal decomposition of austenite was done at 450°C. In Fig. 14 the megnetic studles
are shown after the same treatment. Addition of .003% boron considerably reduces the
rate of decomposition at 450°C. After further additions of less then .056% vanadium are
made, quite opposite results were unexpectedly observed, that is to say, the rate of de~
composition has been incressed; finelly, still further addition of .035% titanium agein
considerablg lowered the rate of tronsformetion. When decomposition of austenite is
done at 570°C its stebility is gradually increased from steel J-1 to steel J-I (Fig.
13-B). Thus, it 1s observed thet additlon, one by one, to cerbon steel of small amounts
of boron (.003%), of venadium (.05-.0(%) and titanium (.03-.04) has proved to be a very
effective method to improve the stability of sustenite at different temperstures of’
isothermal decomposition.

U. 8. Officlals Only
CONFIDENTIAL/SECURITY INFORMATION

Declassified in Part - Sanitized Copy Approved for Release 2012/11/13 : CIA-RDP80-00926A006700290001-8



‘ ) ENnYA4 I_IIJM
Declassified in Part - Sanitized Copy Approved for Release 2012/11/13 : CIA-RDP80-00926A006700290001-8

U. 8. Officials Only
CONFIDENTIAL/SECURITY INFORMATION

_5...'

23. Additions of the above elements in certain combinations also materially increase the
hardenability of the steel (Figs. 16 and 7).

2, CONCLUSIONS :

8. Additions to carbon steel of small smounts of titenium, ebout .03-.04% and up to
1%, changes the structure of brimary crystellization of the steel, namely, elimine-
tion of strung out- crystallization and causes refinement of the austenitic greins

of primery erystallization. Somewhat grester additions of titan um, up to .3%,
act in the same direction but with less effectiveness. )

(1) Additions of titenium within limits of .02-.1% considerably improve the -
stability of austenite at verious temperatures of devomposition. Greater: .,
amounts of titanium result in repld lowering of +the stability of the
austenite,

(2) Maximum herdenability of the steel 1s achileved by adding .09-,1% titanium,
In the menner above described, veryamall additions of titanium improve the
structure of the cest ingot and improve hardensbility of the carbon steels.

b, Simulteneous additions to cerbon steels of small amounts of boron (.003%), vanedium
(+05-.064) and titanium (.03=,04%) result in improvement of the structure resulting
from primary crystallization of the ingot and in considerable improvement in the
stabllity of the sustenite end in its herdensbility. The addition of the above
mentioned combinstion of three elements increases approximately two times the
herdensbility that is observed with sddition of .003% boron, only. 50X1-HUM
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Bauanue THTaHa M COBMeCTHBIX N0GaBOK Oopa,
BaHaauA M THTaHA HA KPHCTA/JIM3ALMIO CTAJIH

Manvie dobasku tutana yaywwaror cTpysTypy nep-
BUYROG KpucTasrusayuu yerepodUCTol cTaau & no-
BEUBAIOT " YLTONMUBOCT aycTenuTa « npoxkdausae-
MOCTb, Beedenue Kombunuposannvix mapolx doba-
60k Gopa, eanadun u TuTana Oaer ewie 6G0Abuiuil
sent.  IMosyuennvie dannoie 06ae24aOT panuo-
HArOROUE n0G60p Modupuyupyrowux Go6asok.

Kand. as.-mam. nayx B. E. HEHMAPK,
‘ano. H. b. MUJIELIKAA u kano. mexx.
: uayx P. H. IHTHH

(Hucratyr metannodusiks LIHUHMUM)

" puMephl (K COXAJEHHIO, HEeMHOTOYHCJICHHbE ')
MOIH(PHUHPOBAHHSA CIVIABOB MalbiMy JloﬁauBKaMld
YKa3biBalOT HA IIHPOKHE BO3MOXKHOCTH BO3NEHCTBHS
3THM CnoCo60M Ha KPHCTAJVIM3ALNI0 H nepeKpucTal:
JH3AUHIO CIIJTaBOB.

Tlposenennsie HaMu pauce paGotsr |1, 2] manu pos-

. MOXHOCTb BBIfBHTb BJMAHME A06aBox Gopa H BaHa-
AU HAa KPHCTA/IM3ALHI0 H KHHETHKY H30TEPMHYECKO-
ro npespallents CTamH, o0co6eHHo 3ddeKTHBHOE Npu
Maabix KoHueHTpauusax (mo 0,06% B u xo 02% V).
Creayomuy sTanoM pabotsl ABHIOCH HACTOSLICS

'uccnenoaa!me BJHAHHA MaablX JHo6aBOK THTaHA H

“KOMILTIEKCHbIX J006aBOK Gopa, BaHalHf M THTaHa Ha
"MePBHIHYI0 KPHCTAIIU3AUMIO CTajNH M KHHETHKY H30-
TepPMHYECKOro I[IPeBpallleHHs ayCTEeHHTa.

¥ BBeZeHue Masblx N06ABOK THTaHa NpHMeHsieTCy B
TNPOMHIUINIEHHOCTH B GOJBLIHKCTBE CJAYYAEB 1/ yMeHb-
WeHHA CKJOHHOCTH CTalH K Teperpesy, yJyulleHHs
PACKHC/ICHHS M Jerasauuy cTajH, NOMy4eHHs MVIOTHOI
H MEJKOH NepBHUHON CTPYKTYpHI H3IOMa H HEKOTOPO-
O MOBBIIICHHA MeXaHHYECKHX CBONCTS,

“Hecnenosanus simsnng Massix 1o6aBok THTaHa 111
CBOACTBA CTa/M paHee GbiIH NpoBeleHb Pere6uoBbin
1 UepxacoBbim [3] 1 B nocaennee BpeMsi MechbKHHbBIM
i Kommom [4], a Takke 3a rpanHueii [5); B oTHo-
WeHHy NPOKAJIMBAEMOCTH CTalH NPH 3TOM GbLH MO-
JYHEeHbl NPOTHBOPEUUBHIC 'De3y.IbTaThl, uTO, NOBHUAH-'

1 Happumep Boagefictsue noGasok HATPHA HA CTPYKTYpy ch-
JIYMBHA, Marsua Ha CTPYKTYpY UHHKa, 6opa Ha nponeccH Kpu-
CTANADAUMH H NPOKANHBAEMOCTh CTAalH R T. a.

MOMY, OGDBACHACTCH PAsAHUHBIM AeHCTBHEM THUTANA B
TBCPAOM pacTBope M ero Kapbuaos (HHTPHLOB),

Bamnsinve maapix 206aBok THTama
Ha CTPYKTYpy auToii cragm®

Cranb BEmnaBasan B 30-kr BBICOKOYACTOTHOH Ile-
4H; UIHXTa COCTOAJA M3 MOJOCOBOTO XKeJeda 0,1% C;
0,38% Mn; 0,03% P; 0,039 S; 0,1%, Cu; 0,06, Ni:
CAEABl XpOMa) W HYFyHa, COMEpIKaBIIEro MpHMEpHO
4% C; 0,15/, Mn u 0,06% Si. IMnaska pacKHcsY
teppomapranmem u (eppocununnem; mepex paanus-
KOif B TleYb J0GABAAIM AJ IOJIHOO PAacKHCJAeHHR
0,029/, Al

IMpu msrotobsenun cratefi c no6aBKaMH THTapa
UHAUJIO OTIHBAN CIIMTOK Gea3 n064BKY, 3aTem B neus,
BBOLMIH deppoTuTaH M3 pacueTa nosyueuns cramm
¢ comepxanuem 0,01 % Ti, ormuBaau CNCAYIOWHA Cal-
TOK H T. JI.; TAKHM 0O6Das’oM M3 OfHOH TUIaBKH OTJH-
BaJjd 6—9 cJHTKOB ¢ pasmnuiofi KOHLUCHTpaUHCH THTa-
Ha. Tlpu stom npurotoumn sge NapTHH IJI4BOK
CTaIH — OfHy C coliepxanneM 0,45—0,55% C u apy-
rylo—c 0,8—1% C (ta6n. 1). R

CanTKH, H3 KOTOpBIX OTpe3’anu obpasubl  agas Hc-
CJICNOBAHHs  KHHETHKH H30TEPMHUYCCKOrOo  pacnana
4YCTCHHTA, NPOKOBBIBaJH mpu 1000—1100° no guam.
18 MM, a satem oTxurasm, )

Or6op npo6 Aas Hccrenobanus ayCTEHHTHOTrO 3ep-
Ha TNEPBHYHOH KPHCTANMH3AUMA U METOMHKA METajuio-
rPaHYecKoro aHask3a CTaJli ONHCAHBl HAMH panee [2].

Masie no6aBku tutana (xo 0,03%) cnabo Baus-
I0T Ha XxapakTep usjoMa cJauTka. Hamom ocraercs
KPYMHO3EPHHCTLIM € SICHO BBIPAJKEHHOH JYYHCTOCTBIO,
KaK M B cTamn 6e3 jno6aBok. [Ipu noswlwenny Kon-
UeHTpaunu Tutana no 0,038% JyuncrTocts wusioma
yMmenbmaercs # npu 0,045% Ti ucuesaer, no CTPYK-
Typa ero He H3Me/bYaeTcs; HAKOHEW TPH MOBBILIEHHI
coaepxanna tutava A0 0,1—0,3% u npu noaHom ot-
CYTCTBHH JIy9HCTOCTH H3JIOM CTaHOBHTCSI MeJKO3Ep-
IHCTBIM,

Hs 31ux o6pasuos usrorosasnn ULTH(BI, KOTOpHIC
TPaBUJIH NEPCyab(paTOM aMMOHHA; BLIABACHIAN MaK-

® B pabote npuummana ywacte JI. M. Kora.
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Baustwue Ti u cogmecruorx duiasok B, V u Ti na £pucraiiu3ayiio craat

POCTPYKTYpa COOTBCTCTBOBAJA XapaKTe-
Py H3JIOMOB.

3areM WIHBL o6paboTaji  PeaKtH-
pom OGeproddepa. Mansle xouuenrpa-
uud TaTaHa (ao 0,03%) He okasblBAOT
BJMSIHMSL  HAa  JICIAPUTHYIO  CTPYKTYPY
(puc. la); npu nobabke 0,04% Ti na-
pSLY C TOHKHMH AGHAPUTAMM I10ABJSICT-
¢l MeGJKas  MATHHCTas — CTPYKTYpa
(puc. 16); npu comepxannx 0,1% Ti
BLITSIHYTblEe JEHJAPHTE HCUE3AI0T W NAT-
iMcTast CTPYKTypa 3dHUMaeT BeC  ceyeHHe
cautka (puc. 1B). Orneuatkn no Dayma-
1y C TeX Xe TEMIICTOB BLISBHJH TaKHC
KC H3MEHCHHA JEHAPUTHOH CTPYKTYDLI

O6pasupl Craj, HCCJaeAOBallbIe I1a
MHKDOCTPYKTYPY, HCHOJNBL30BaJH  AJA a

H3Y4YeHHs AYCTCHHTHOTO 3epHa NepBHu-

HOH KpUCTaNNIM3ANNK H BbIKesenuii dep-
pHTa NMpH OXJaMJAeHHH CJAMTKA.

Io6apkH THTaHa OKa3blBAIOT 3HAYHTC]ALHOE BN
HHe Ha pasMepsl ayCTCHHTHOrO 3epla  lIePBHUHOI
KpucTasnk3auud. B cauTkax guas. 45 MM, Coxepxa-
wux 0,b% Ti, BMccTO BLITAHYTLIX  oT nepHdepan
K LeHTPy Kpynmueix 3epen (puc. 2a), HabaOAAIOUHXCA
B cTaan 6ea n06aBOK, mosBasCTCA BoJjee MeEJKoOe
paBHOOCHOe 3epHo (puc. 26).

C yBesuyeHdey KONLUEGHTPaUHH THTaHa Ha mepude
puu (Ha paccTosiHuM~ |5 MM OT IleHTpa) HaGaIOAaKT-
¢sl 3epHa NMPHMEPHO TAKOro JKe pas3Mepa, Kak Ha pPHC.
2a. B ueHrpasnpHOil 30He cauTKa OOHALHO BbIMagaeT
epput, ByanHpylOulnii TPaHHILL 3CPEeH.

Uuorsia ¢eppHT BBIMAfaeT MO BCEMy CCYEHHIO
CJIUTKA, YTO He JacT BO3MOMKHOCTH- BBIABHTL Tpauy-
1Bl 3epeH jaxe Ha nepudepun, TTostomy aycreunTnoe
3€pHO 1IePBHYHOI KPHCTAJM3ALUHH HCCICAOBANM Tak-
Ke H B npobax xuaM. 5 MM, KOTopble OTGHpajH IpH
[HOMOUIH NHIETKH BO BpeMsl [JaBky H IOACeprau
rpagucHTHON 3akanke 12].

craan Gea Swéasor: 6

Puc. -|. Bansuse tutana na JCHAPHTHYIO CTPYKTYpY:

Soe0pi Tio B S 6T T >

Pyc. 2. AycTCHHTHOC 3CPHO NEPBHUHON KPHCTAJLIH-

a

JallHIT 1B CJHTKE!
Crasn 6 ofapoE: 6 .- 0,1% T <00

Oaxaxo © 5-My npobax crasu 6e3 106aB0K 3epHO
OLao  MeHee KPYNHuIM, dey B cauTkax. Bee xe xa-

TaGauuna |

XHMHYECKHH COCTAR HCCACAOBAHHBIX cTadell ¢ J00aBKOH THTaHa, %
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N 3

paKkTep BJHAHMA A00aBOK THTaHA Ha BeJHUYHHY 3epHa
B MpGGax Takoll ke, KaK M B CJMTKaXx.

Tpu seenensn or 0,018 1o 0,04% Ti (puc. 36
u 3B) pasMep 3€pHA 3HAUUTENILHO MeHbllle, YeMm B
craqi  Gez Jo6aBok  (puc. 3a); ¢ yBeJHUEHHEM
conepxanns thTaHa (10 0,08%) sepio craHoBHTCH

Bausinue MaJbix 400aBOK THTaHA Ha KHHETHKY
H30TEpPMHYECKOro MpeBpalleHHs aycTeHuTa

3BTEKTOH/INOH  (cephi
(cepus I')

HCCed0BaHHEe

[1posoauiu
CpeHeyrJIepOHCTOl

b u B, Tabal) u

cTanu npH Temuiepatypax 360, 450, 560 u 620°.

Puc. 3. AyCTCHHTHOC 3CPHO 1EPBHYHON KPHCTALIH3ALMH CTAAH U lpoSax auam. 5 Mum
a — crap G noGaBok: 6—c 0,018% Tii B—c 0,04% Ti; r—c 0,08 TL =160

588388588%
IS OSTII S
Codepiarue Ti, %
Puc. 4. Beanyuia  ayCTCHRTHOTO
3epHa NEPBHYNON  KPHCTAJMIHIAILHI
B 3aBUCHMOCTH OT COACPHKAUHA TH-
Taja B auToil (uncoBpaGoTanuouii)
cTaj

cue Gosiee MeskuM (puc. 3r n 4).
BausiHHe 106aBOK THTana la Bbi-
nejenHe depputa TNPH OXJaK/IC-
HHH CJHTKA OKa3blBAETCA TaK#C
JOBOJIbHO CHJIBHBIM. ¥Ke IpH co-
nepxaunrd B ctaan 0,01% Ti (puc.
56) KosnHyecTBO (eppHTa B CJIHTKE
3HAUMTEJILHO  YBEJHUYHBAETCA  TIO
CpaBHEHHIO CO CTajiplo Ge3 aoGa-
BOK (puc. Ba); HapsALy ¢ MEJIKHMH
3epHaMu (eppHTa B CTaIH C J10-
6aBKO/ BCTpEYalOTCS yXKe H Kpym-
Hb@ ero ckomjenuss (MHKpogoTO-
rpaduy NoMyYeHpl HA PACCTOSHHH
12 MM or nepudpepHu CAHTKa).
C yBenHYEHHEM KOHIEHTPAUHH
tutana (0,038—0,046%) kpynubic
CKoMJIeHHs1 (eppuTa HAGMIORAIOTCA NO BCEMY  MOJH)
wanda (puc. 58 ¥ 5r); npr cogepxanun xe 0,087 %
Ti konuuecTBo (epPUTHHIX 3epeH CHJIbHO Bo3pacraer
H OHH paclpeejsiorcsi Mo UMY paBHOMEPHO
(puc. 5n).

Declassified in Part - Sanitized Copy Approved for Release 2012/11/13 : Cl

Pue. 5. Bausine TuTana
na BblaedcHHe ¢eppura:

a— craxs Oc3 no6aBok {(na
PACCTOSIHMH 12 MM OT lepi
Jepun caurka); 6 — TO Ke,
c 0,01% Ti; B—T0 X0, ©
10.038% Ti: r—T0 WC, ©
0,046% Ti; m—rTo e, o
0,087% Ti. X 200

B nepsoit naske (cepus B) monyuusm naGop cra-
Jell ¢ KOHLUEHTpaUUsAMy THTaHA, HE IIPeBLINAIOLIHMH
0,06%; Bo BTOpoii maaBKe (cepusi B) conepxanue
TdTaHa, AoXonuao ao 0,22% u g Tperveil (cepus T)
koaeGanocs or 0.04 po 0,31%.
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KUHeTHKY H30TCPMHYECKOrO NPEBPALLCHHS ayCTEHH-
Ta MCCJeHOBa/y METOAaMy H3MEeDCHHA TBepAOCTH H
MHKPOCTPYKTYPHBIM,

O6pasnp  narpepaiu B coasnodt  Bauue jo 920°
I BBI/ICPAHBAJH MPH STOH TCMNepaType 3 MHuIL.; 3aTeM
HX OBLICTPO TICPEHOCHAU B CCJAHTPANYIO MM B CBHHIO-
Byjo BaliHy, BbIIGPKHBAJH DA3JHYHOE BPEMs H OXJa-
KAAJH B BOJAE. -

BpeMs BbICPKKY B NPOMEKYTOUHOH BAHHC MeHSIH
B 3aBHCHMOCTH OT CKOPOCTH TIpeBpallleHHst ayCTeHHTa
npu Jaksod Temmepartype. O6Gpasunl KaxKAoi CepHH
06pabaThiBajiH  OJHOBpPeMEHHO, 3aTeM LIJIH(pOBaJH,
HCCJIEIOBANY  MHKDOCTPYKTYPY M OIpefesaH  HX
TBeprocTh Ha TnpuGope Poxeeasa mo utkane C mpu
narpyske 150 xr. '

Hepacnapumiicss npy AanHOH BBUIEpPKKC B MpOMe-
KYTOUHON BaHHE ayCTCHAT TIpeBpallaeTcs Npu mepe-
1oce g BOJly B MapTEHCHT, TakuM oOpasoM MHKpO-
CTPYKTYpa M M3MEIICHHC TBCPAOCTH CTaJM  yKasbl-
BAIOT XOJl H30TCPMHUCCKOLO TIpeBparieHnd ayCTCHHTA.

Pdcemorpense  KpPHBLIX — 3ABACHMOCTH  TBCPJAOCTH
crajsn b oT Konlentpaun THTana [pH PasiHUNLIX
TCMIICPATYpax H30TCPMHUCCKOIO pacnaja  (puc. 6)
HoKasplBaer, uro THTan B KoJauyccrse 0,003—0,006°/,
HECKOJIbKO TOHMXKAeT yCTOHUHBOCTL ayCTeHHTa, a TMpH
conepxauua 0,02—0,06"/y 3HAYUTCJBLHO €C MOBLILIACT
0 CPaBHEHHIO €O cTafbio Ge3 noGaBky Tutana, [Tou

60
50
40

3

S
(=7

»
[S]

T8epdocme, R,
83%

Qa4

0 5 10 15 2025 30 35 40 46 50 55 60
C‘oaep)km_vue mumera, 70 %5

Puc. 6. 3aBucHMOCTE TBEPAOCTH  CTaJ N
cepu B OT conepMaHWA THTAHA [1pH
PA3NHYHLIX  TCMMCpaTypax H IPOLOJXKIii-
TCJLHOCTH  H3OTCPMHUECKOro npenpaie-
HHS
a -— 3600, 210 ccr.; 6 — 4304, 30 coK.: B -
5600, 10 cvex.; r — 6200, 15 cex.

Beex TeMOCPATypax NpeBpalleHds 0cobenno suaynte-
geir spdekt mobasku 0,05—0,06 Ti.

MUKpOCTPYKTYpHBIC  JIaHHBIE 1I0JHOCTBIO NOATBCP-
JKIAIOT PEe3YJbTAThl, TIOJNYUYCHHBIC TPH H3MEPEHHH
tBeproctd (puc. 7). !

Ha puc. 8 noxaszana 3aBHCHMOCTb TBEPHOCTH CTa-
Jeit cepuy B OT cojlepxkaHds THTaAlUd; BBEJCHHC
0,04% Ti agech TaKke NPHBOAHT K TNOBBILICHHIO
YCTOHUMBOCTH ~ AYCTCHHTA, . KOTOpas  CTAaHOBHTCH
Si:

Declassified in Part - Sanitized Copy Approved for Release 2012/11/13 : CIA-RDP80-00926A006700290001

Puc. 7. Bansiune THTaHa Ha H30TCPMHUECKOE MpeBpauleHHe aycre-
HpTa UpH 620° b Teuenne 15 cek.:
a— e Oeg otieni; 6 —c 0036% Ti; p—ec 0,000 Ti
r-—c 0008 Ti. X 00

A1

"
@

T8epdacmy, R,
a8

&8

U246 8 1072141618207
Codepmanve mumana, 10~ %

Puc. 8. 3aBHcHMOCThL TBCPLOCTH  CTalk

CCpHH B or COACPXAaHHA THTAHA IIpH pas-

JIMYHLIX  TeMlepaTvpax o TNPOXOJIKHTeNb-

1I0CTH H30TEepPMHYECKOro IpCBpalleHHs:

@ — 3700, 60 ccr.: 6 — 40, 20 cex; B —
4500, 40 cex.; r —- 5659, 6 cen.

MakcuMadbloil B craiasx ¢ 0,1% Ti. Oavako paib-
lefillee  yBEAHUeHHe CONepKaHus THTaHa Ho 0,17—
0,22% nNpHBOAHT K 3HAYHTEJLHOMY TNOHHKEHHIO
yCTOWYMBOCTH  ayCTEHHTA; TIOBHAHMOMY TIPH TaKHX
KOHLEHTPALHAX THTaH CBA3bLIBAET HEKOTOPYIO 4YacTb
yraepofla W 3aJepKHUBACT POCT BTOPHYHOFO AYCTEHHT.
noro 3epua. ’
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M 3

Kpuble  sapucHMOCTH TBepaocTH craseil cepuir 1
OT CONEpXaHHs .THTaHA MPU PANHYHLIX TEMICPATY-
pax H30TepMHYECKOMO INpeBpalllelus (pHc, 9)  gawoT
OCHOBAHHE 3AK/MOYHTb, YTO H g CPEHEYTNEPOAHCTHIX

a5
25
5

T2zpdocms, R,
83 88y

Qft

§&

02488 70’2[47&”2‘7?2
" Codeparne mumaa, 102 %

Puc. 9. Bapncumoctn TBEPAOCTH  CTAJH
cepuu T oT cogepmanna THTana npH pas-
JIHYHHIX  TEMOCDPATYPax M HPONO/DKHTEND-

HOCTH HM30TEPMHYCCKOTO npeBpalleHus:
a — 3600, 12 cex.; 6 — 4500, | CCR..
5 e F — 6200, 14 cow.

B — 5602,

cransx ao6aska 0,07—0,1% Ti npuBoAHT K 3aMeTHO-
MY TOBBIICHHIO YCTOHYHBOCTH ayCTEHHTA; YBeJHYe-
HHE e colepxaHuA THTaHa ao 0,16—0,21% YCKO-
psier lpacnax aycrenura.

Hns BeificHenHs  BaHAHHA TCMIIEPATYPLl HArpesa
01 3aKa/JKy 4ia KHIETHKY HU3OTCPMHUECKOTO IIpeBpa-
WCHAsL ayCTeHHTA B CTa/y C MaJbiMH JA06aBKAMH
THTaHa 1POBEJNH HCCACAOBAHHC C  HArpeBoM 1oL
3akauky upn 920—1020° M ¢ HIOTCPMHUECKOiT BLI-
Aepxkoit npu 450 4 620° (puc, 10 y 11).

Mocao usoTepamuucckoii BLIAEPXKKH dapy 450°
3dKaJdKH ¢ warpesa apu 920°  MaKcumasbHas
YCTOHUUBOCT  aycTenuta nabiiogacTes B cTadn

5 rm[[ =

a

1
0 2 4 6 8 10 12 14 15
Codepiarive mumana, 10-2 Y%

18 20 22

Puc. 10. Bansnne TeMneparypn HarpeBa mom 3axan-

Ky Ha 3aBHCHMOCTb TBEDAOCTH CTAJH OT coaepxa-

HHA THTaHA (H30TePMHUYECKas BHAEPHKA 5 CeK. npu
450°):

A —akadga ¢ 9200, 6 —t0 e, ¢ 10200

¢ 0,095%, Ti; B crausx ¢ 0,16 1 021% T, ycroituu-
BOCTh ayCTEHHTA 3HAUHTENbHO HHKe. OjHako npu
Harpese mox 3akanky 1o 1020° (6e3 M3meHenus
TEMIIEpPATYpel  H3OTCPMUYECKOH BLIACPHKKH) B CTANH
c 0,16% Ti nageuuwe ycroiiunpoctu ayCTCHHTA He
Habmofaetcs. Anajoriynble pe3y/LTaTl HoJYualoTes

liocsie  M30TepMUUCCKOll  BLlACPIKKH  Tipi 620°; npi’
stem B crasnc 0,16 % Ti wabaiopaercst naxe ekoto-
poc moBbllUICHHE YCTONYHBOCTH aycTeHuTa.

HoBunumony ¢ noseluecHreM TeMIepaTypbl Harpe-
Ba [I0A 3aKaJKy Bce OoJblliee KOMMYECTBO THTANa
TICPEXO/IUT B TBEPABIA pacTBOp., Psa mauubix aaer
BO3MOXHOCTb  OG'BSICHHTBL MOBBIIIEHHE YCTOHUHBOCTH
AYCTCHHTA  BJIHSIHMEM TOH UACTH K0GaBOK, KoTopas
DXOAHT B TBEpAbIA pacTBop; wacTL Ke H06aBKil,
HaXoXAWanCA B CTAJNH B BH/IC HEPACTBOPHMBIX COEH.
HCHHH, ~ CMOCOGCTBYCT NOHIKEHHIO  yCTOHUHBOCTH
aycTeHHTa, :

Ha puc. 12 npunepens KpPHBBIC IIDOKAJMBAEMOCTH
crameit  cepuu I'  (no  Tomunuu); MaKCHMaJIBHVIO
lIpOKaIHBAacMOCTb uMeeT cratb ['5 ¢ 0,0959/,Ti-

Hsnoxenusle jaunble 1al0T BO3MOXKHOCTH TIpU3HATH
ie1ecoo0pasHbIM  BBEJCHHE B CTallb 0,05—0,1%/, Ti
¢ UGJbIO ynydlleHus CTPYKTYPHI MEPBHYHOMN KpHCTa -
JIM3ALHH { NOBBUEHHS YCTOHYHBOCTH aycTeHiTa.

CoBMecTHoe seiicTBHe MaJbix n06aBok Gopa, BaHaaus
H THTaHa

Mauibte aoBaski Gopa, panaus H THTana /19oBoabHO
SHANHTC/IBUO NMOBBLILIAIOT MPOKAJIHBAEMOCTb CTAMH 110

F.
/ -
0246é7012’/415
Codepiarue mumara,10-2% -

18

Puc. (1. Busimine TCMIIEPATYPBl HArPeBa Noj

GIKANKY 1a 3aBHCHMOCTL — TBEPAOCTH  CTaaN

OT CONCKAHSA THTANA (HIOTCPMHUCCKAH Bhl-
AcpuKa upn 6200):

R} NPT FE T N P ] 9, PO

MUTCCEOR B eDRRT 20 ¢

noIzou

1TCILUOCTL  IOTER-
6-— o we, 10200

88835803

T8epdocms, Re

2 4 8 10 72714
Paccmonnue om sakanemoeo mopya,

Pac. 12. 3asucumoctn NPOKAHBaeMoCTH
crann cepun I or comepwannst Tutana

CpaBHEUHIO ¢ A00aBKAMH  TCX KC KOJNHUCCTB  Takiy
SMIeMCHTOB, KaK XPOM HJM MapraHel,.

Ho a6cosmotneiit sddext stux noGaBoK OTpaHHYH-
BAETCA MX BECbMA Maloll ONTHMANLHON KOHUEHTpalH-
il (ana Gopa 0,003%, aus samamus 0,05—0,06%,
Ana taraga 0,09—0,1%). Beegenne B cranis R06aBoxk,

Declassified in Part - Sanitized Copy Approved for Release 2012/11/13 : CIA-RDP80-00926A006700290001-8
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[PEBBILAKIMX ONTHMAJbHLIE, HC TOJLKO HE NPHBOJUT
K JajbHefilieMy y/aydlieliiio cBofictB (HanpuMmep mpo-
KaJMHBAeMOCTH), HO MOMCT 3aMCTHO MX YXYALIHTD.

OpHako MpH HCCJAEAOBAHMM BJHAHHA MaJjbIX ILO()H-V

BOK HA KHHETHKY H30TePMHUCCKOTO [PeBpalleHist
aycTeHHTa GbLI0 YCTAHOBJIEHO, uTo AeifcTBue n06aBOK
Gopa, Banaius M THTAHA HEOJMHAKOBO B PAa3JIHUILIX
TeMIIepaTypHLIX 06JacTaX.

Mexly TeM NPOKaJHBAaeMOCTb CTAJH OIpeACaAeTCs
BUAOM H IOJIOKGHHEM KDHBBIX Becelf S-o0pasHoil aua-
rpaMMbl, XOTS DIPH ONPENEJeNHbIX YCJHOBHAX OXJaXK-
JICHUST MOKCT MMeTh OCHOBHOC 3HauelHe KHICTHKA pac-
naga B Toil MAM HHOI TemIepaTyproi o6/acTH.

[TosToMy NpeACTaBJANOCH ILejdecoofpasibiy  H3Y-

IHTh BJAHAHHE I10C/A€J0BATEJbBHO BBOAMMBIX B CTaJdb -

MaJblx m06aBok Gopa, BaHaAHA # THTaHa Ha CTPYK-
TYpy TepBHUHON KPHCTALMM3ALMH, KHHCTHKY H30TC¢p-
MHUECKOTO NpPEBPANICHHUsI AyCTCHATa I IPOKaAHRAC-
MOCTb.

OnwiTibie crtann Bumaasasin (copus JK) u3 toil
e HIMXTHI, YTO W cTadb ¢ AoGaskamu TrTtana. [Tocae
OTIHBKKY [epBOro cjiuTka 6Ges nobasok B CTaln BBO-
nuaH Qeppobop u OTIMBAIH BTOPOI CJHMTOK; dIepet
OTJIMBKOH TpeThero C/HTKAa BBOJMAH (eppoBanaini
npu HeM3MEHHOH KOHUeHTpauud fopa, a Tepep oi-
JIHBKOH ueTBepToro BBOAWAM (EPPOTHTAH [PH HEH3-
MEHHOM cojlepxaHdn Gopa u BaHagust (Taba. 2).

PesysnTaThi  3KCIIEPHMEHTOB [OKasajH, 4YTO COB-
MecTHOe BBefenue Gopa M BaHaius He YCHIHBACT
sddeKTa HaMenbueHHS NePBHUHOH CTPYKTYpbl (43.10M,

Tabanuwa 2

XHMHYECKHH COCTAB HCCAENOBAHHBMIX CTaNedi C KOMMICKCHWMM
AoGaBkaMH, 7%

B v Ti

Mapxu-
posxa 10 CHH-|{10 aHa-{n0 cHB-|NO aHa-mo CHH-[no awa
craned Tesy | nmsy | Tesy | nmsy | Tesy | nmasy

0,36) — —

0,35 0,002 0,003 — — -

1,33{ 0,004f 0,003 0,056] — —
0,035

0,32 0,004 0,003 0,065 0,07

MakpoCTPyKTypa) [0 CpaBHeNHI0 < BO3JeHCTBHEM
Kax 1ol J06aBKH B OTAEAbHOCTH; HO BblAeseHne ¢ep-
puta npu cosMectioM Bpefennu 0,06% V u 0,003% B
OKasbIBaercs GoJsice MHTEHCHBHBIM.

Bausnue coBMecTHbIX A00aBoK Gopa, BaHAlusd i
THTAHA Ha CBOHCTBa CTANH HCCJAEIOBANH METOAAMH
TEEPAOCTH, MHKPOCTPYKTYPHBIM- U MAarHHTOMeTpuHuc-
CKHM.

Kouuenrpauun 6opa 0,003% u pawaus 0,05—
0,06 % OGbLiu B3STHI B COOTBETCTBHH ¢ paHee JOJyUel-
HuiME pesyapTatamu [1]; mpuHATas B STHX YCJOBHAX
nJst OAHON M3 TPeABAPHTEILHBIX IMIABOK KOHIEHTpA-
uus Tatana 0,1% okaszamach He3(hCKTHBHOM.

Ha puc. 13,a mpuseacua 3aBHCHMOCTL TBCPAOCTI!
crani cepu JK ot comepxais J0GaBOK NpH TeMIlC-
paType H30TepMIYECKOTO paclaja aycrelura 450" n
Ha pHC. 14 MATHHTOMCTPUUCCKHC KPHBBIC 2151 arofi Ko
temmepatypil 8. Beenene 0,003% B suauntedanno mo-

3 MaruHTOMETPHUCCKHE HCC/IC/0BANHS DPOBCARIL KalZ. Tex.
mnyx O. IT. MakcumoBo#.

Declassified in Part - Sanitized Copy Approved for Release 2012/11/13 :

HHUBHJIO CKOpOCTh pacnaia mpu 450°% aonosnuTesbHOC
ke BBeacHHe<(0,056 % V HeoxHAaHHO MPUBEJIO K MPO-
THBONOJOMAKHUOMY DE3Y/bTaTy, NOBLICHB CKOPOCTb Pac-

50
40 pe=

30
20

T8epbocms, R
5R&E0

8R&Q

Piuc. 13, 3asucumocTb TBepAOCTH cTamd K

OT copepxanus 60pa, BaHaLMsl M THTaHA IPH

PasAMYHBIX TEMIEpaTypax H TPOLO/IKHTENb-
HOCTH H30TEPMHYECKOrO TIpeBpaileHus:

— 4500, 15 cex.; 6 — 5700, 5 cex.; B — 6209, 13 cex.,

maia; waxonen, sBeaenne 0,035% Ti cHoBa CHIIBHO
YMElLUIRI0 CKOPOCTh [peBpalleHHs,

JluTenbHOCTb MOAypacnaza aycreuta npn  450°
s etaan JK1 coctaBaser JIHIIbL 5 CeK., Juis CTaJld
K2 yxe 16 cex. m aas craneii K3 u K4 coorser-
cTBEHHO 9 u 23 cek.

Mpu remnepaType pacmaga aycrenuta 570° ero
YCTORYHBOCTL MOC/E10BATE/NbHO TOBbillIaeTess OT €Ta-
m K1 x craan JK4 (puc. 13, 6). Ha puc. 13,8 mpu-
BejleHa AHAJIOTHYHAA KpUBast JIJIs Temlepatypsl pac-
naga 620° 51 ma puc. 15 cOOTBETCTBYIOLIH® MalHHTO-

)|

/ t
/17 3
] 7
/
b

v/
QIL’Q_*f
/1 /

aycmenuma, %
N oS
33833833388

/
/v

15 20 25 30 S5 40 45 50
Bpema, cek.

HonuyeernBo pacnabuwezoct

-
5 10
PHe. 14, 3aBHCHMOCTL CKOPOCTH — H30TePMHYECKOro pacnaia

aycrennta npH 4509 or Maawx o0aBok Gopa, BAHAAHA H TH-
rana (cTamn cepun JK, MariiMTOMeTpHUCCKHN aHAMWE)

MeTpHucCKie KpHBbic, JIJHTeIbHOCT, IOAypaciaa
aycreimnra npn 620° cocrapasier:

cTanb K1 K2 K3 A4

BPCMA TIOAYPACHAAL, COK. 27 40 55 63,5

Takum o6pasoM MOCIeAOBATCJAbHOE BBEJCHHE B y:-
JICPOIHCTYIO CTaNb Madblx A06aBok Gopa (0,003% ),

-
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B. E. Helimapk, H. B. Tlureyran u P. H. Surus M 3 1948 2.

UTeJIbHble NO0OGABKH THUTaHA (0 0,3%) HedcTByoT

B TOM e HaNpaBAeHWH, HO MeHee addexTuBHO.

HoGasku THrana s npefenax or 0,02 go 0,19

SHAMHUTENHLHO TIOBBILLAIOT )’CTOI‘;I‘IHBOCTL ayCTeHHTa

IIPH pasJyIuyibIx TCMII(’})E\Tyan pacnana; Gojiec Bbi-

3 70 20 S0 4060 60 70 &0 90 700 7
Bpems, cex,

Pue, 15. 3asuenmoct, CKOPOCTH H30TEPMHYCCKOro pacnaa aycTenuTi
npu 620° o1 Manux goGanok Gopa, sanapus u Tataia (cTamm copun XK,

MArHHTOMCTPHUYCCKHIT aHaan3)

2
N

T8epdocms, R,
N8&8%a8e

c 4 &6 &8 10 12 14
Paccmonrrve om JakanerHoes INgpyg i

Puc. 16. TIpokanunacmocTy, cranei ceprn K
C ManbiMi foGaskamu Gopa, aHamnst ¥ THTanA

Banaans (0,05—0,06% ) u turana (0,03—0,04 % ) oxa-
3amoch BecbMa 3(PPeKTHBHLIM CIIOCO6OM  MOBBIIIEHHS
YCTOHYHBOCTH aycTeinra TPH PA3IHUHLIX TeMICpATY-
pax HsoTepmuyeckoro pacnajna.

Baegenne KOMGHHHPOBAHHLIX M0GABOK 3HAUHTEBIO
NOBENLACT TaKKe NPOKAJIHBAEMOCTL CTAM (puc. 16
1 17). .

3akaouenune

1. Beeaenve b crans Maabix koamucern THTana (ot
0,03—0,04 a0 0,1%) meuser CTPYKTYpy nepBuunoii
KPHCTAILIHSAUHA CTAMH, MpHYEM YCTpamsercs Tpalc-
KPHCTAMIMIAUNS H yMeNbIUaoTCs pa3Mepsl aycTenuT-
NOTO 3epHa MCPBHYNON KPUCTALTH3ANMH. DBosce 3ia-
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be dobabok

Pic, 17. 3asncumocrs PaccTONHHs
OT 3aKaNeHioro Topua jo 30HW ¢
TBEPROCTHIO R == 50 oT comepima-
Hust to6anok  cransx copui K (%)

COKOC COAepalHC THTAlA NPHBOAHT K pesxkoMy naje-
HHIO YCTOHYHBOCTH aycTenuTa.

Hau6oubmas npoxanusacmocty, CTAJII JIOCTHTAeTCs!
ipu Beegennn 0,09—0,1% Ti.

Takum oo6pasom maubic N06aBKn THTana yayuma-
IOT CTPYKTYpy CAMTKA H NOBBINAIOT NPOKAIHBAEMOCTD
YII€POAHCTLIX cTaJell. ’

2. Breneirne B YIVICPOMHCTYIO CTAJIL COBMECTILIX /10~
Gasok Gopa (0,003% ), Bauajs (0,05—0,06%) u Tu-
rana (0,03—0,04%) npusosur x YIYUUIGITHIO CTPYK-
TYpbl IepBINIIOj KPHCTAMIH3ALMH CJAHTKA U 3Iaii-
TCABHOMY NOBBILIENHIO YCTOMYMBOCTH aycTolTa H npo-
KamiBaemoctH, Bpejenue Takoii KOoMOHIponannoi
NoBasKki mpuMepio 5 2 pasa cmibiice TIOBLIITACT TIPo-
KaJMBACMOCTDL, YeM BBCOACHHC 0,003% B.
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5B Kpadpre n JL Jamo ut,  Tpyul  aMepukauckoro

obutecTsa Hipkclepon-metannypros (TAHIE), 1944, (58,

Bausinneé

Mpuneco medu &
£€TaAl ¢nocoberaye)
CTaru  CTPYKTYpOLL
nepanTa, HeCKOALK
CTU U nponopitor
TeavHoe Yyoaunenud
apu ITom w csoiic

Kano. mexn.

(HUH noamn

Bausnue mepn
Xpg
K PHTHYECKHE TOYKH
JCJSUIH Ha AHG
Beliapa ¢ ONTHYECKO#
ke). OGpasubl Harped
Heif ckopocthio 2809
UEHHOH IIeuH cO CcKoff
HbIM KDHBBIM OIpese.
TIOMOLLH CpefHeH rp3
IpagyHpoBKH AJds Bd
HOCTH OTHAEJBHBIX H3)
MTOTPelHOCTh, YTO Y
TOB.
‘Peaynnratnl  ueene
IOT, UTO 1104 BJIHSHH{

Bauanne menn ua
BBICOKOYrepd

1,00

TOUYKH BLICOKOYIJIEPO]
ratoresi. TenmyoBoit
JaNHLIM  AHIaTOMETp
cst of 54 mo 66—70°.
BiustHue meau Ha
CTaJH anaJordyHo BJj

Bausinne meaum Ha
cBOHcTBA

O6pasuwl cTamm ¢
ATOrO MEPJHTa Harp
HePKHBAMH NPH Tem]

! PaGora seaserest npo,
lceyaenoBanus BAHAHAA M€
cramu WIX15 (Crans, 194
OnHcaH cocras H ¢opma
Jlell; HOMepa maaBoK coo
uepsoft paGoter (cTp. 636




